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Abstract

In this paper we present B physics results from 1.8 Tev proton-antiproton collisions recorded with the
Collider Detector at Fermilab(CDF). Measurements of the B meson masses, lifetimes, B°B° mixing,
and polarization are described. The prospects for measuring CP violation with the upgraded Fermilab
collider and CDF detector are also briefly described.

I Talk given at the 3rd International Workshop on B-Physics at Hadron Machines, Oxford, UK, 10-14 July, 1995.



1 Introduction

In pp collisions at high energy, b quarks are produced copiously. The measured b cross section at 1.8 TeV
center of mass energy in the pseudorapidity region || <1.0 is about 30ub[1]. At the typical Tevatron
luminosity of ~ 103'¢m~2sec™!, about 300 bb events are produced every second. Handling the background
events which are 1000 times more frequent is the most critical part of the trigger system at CDF. Since
most of b quarks are produced at very low p; region (most probable p, ~2 GeV/c ), it is a challenging task
to trigger efficiently. In CDF, leptons are the major source of triggers for b events. Low p; b events are
accessible using the clean signature of their leptonic decays. Successful implementation of lepton triggers
has enabled CDF to join the arena of highly competitive b physics.

The data described in this paper were taken during the 1992-1995 runs using the CDF detector. Most of
the results presented in the paper are from RUN 1A (1992-1993) data with an integrated luminosity of 20
pb~! while a few results include RUN 1B (1994-1995) data with an integrated luminosity of ~50 pb~! . In
the following, we present results of b meson masses, lifetimes, B° B° mixing, polarization, and the prospects
for a CP violation measurement with the RUN II (1999) data.

1.1 CDF Detector

The CDF detector has been described in detail elsewhere [2]. We briefly describe the subsystems which
are important for the analysis. The silicon vertex chamber (SVX) [3] consists of four layers of silicon
detectors located between 2.9 and 7.9 cm in radius and extends +25cm in z from the center of the interaction
region. It provides spatial measurements for the charged tracks with an impact parameter resolution of ~13
pm in the r¢ plane. The geometric acceptance of the SVX is ~60% as the z interaction distribution
has a Gaussian like shape with o of ~30cm. Surrounding the SVX is a time projection chamber (VTX)
which provides tracking measurement in r-z plane. Momenta of charged particles are measured by a large
volume cylindrical drift chamber, the central tracking chamber(CTC), which has an accuracy of Ap;/p; =
[(0.0009 - p;)? + (0.0066)%]'/2. The CTC covers the pseudorapidity range |n| <1.1, where n = —In[tan(§/2)].
These tracking chambers are inside of a superconducting solenoid which provides a 1.4 Tesla axial magnetic
field. Electromagnetic and hadronic calorimeters are located outside the solenoid.

1.2 Lepton Identification

The central muon system, CMU, covers || <0.6 behind 4 interaction lengths of material which are provided
by the central calorimeters. The central muon upgrade, CMP, are located behind the CMU and covers the
same 7} region with an additional filter of 60 cm thick steel for reduction of the backgrounds. The central
muon extension, CMX, covers 0.6 <|n| <1.0 with absorption material provided by the central calorimeters.
The p; thresholds for the lepton triggers are constrained by the background rate and data logging capability.
The inclusive muon trigger p; threshold is set to be >8 GeV/c.

The low p,; electrons are identified in the central calorimeters. At the trigger level, an electron is required
to have an electromagnetic shower and a trigger track match. The inclusive electron trigger p; threshold is
set to be >8 GeV/c . For dilepton triggers, the p, thresholds are further reduced to accept low p, b events.
For pu the particle p; thresholds are 2 GeV/c and for ey they are 5 GeV/c and 3 GeV/c , respectively.

2 B Meson Mass Measurement

In CDF ~20 % of J/4 and v’ samples are from bb events. Unlike other lepton samples these samples do not
have missing neutrinos; hence full reconstruction of B mesons is possible. First, J/1# — pTu~ events are
selected from the dimuon trigger. The muon selection criterion is a three dimensional CTC track pointing to
a muon track in one of the three muon chambers. The matching requirement is 3o, where o is the matching
uncertainty between the CTC track and the muon track. If the CTC track matches with SVX hits, the
combined track information is used. The invariant mass of the pair of oppositely charged muons is required



to be within 100 MeV/c? of the world average J/v mass of 3096.9 MeV/c? . Approximately 80,000 J/v are
reconstructed with very good signal to background ratio (~10) at the peak region.

B mesons are reconstructed by combining J/4¢ candidates and other charged tracks. B meson masses
and decay lengths are calculated by fitting the tracks to a common secondary vertex, constraining the two
muon invariant mass to be the J/v mass, and constraining the B meson momentum to the primary vertex.
A x? confidence level of 1% for the vertex constrained fit is required for all decay modes. B , Bj and
B? mesons are reconstructed for the mass measurements. The p, scale is calibrated using the J/v peak, and
dE/dX loss due to detector material is corrected for using a detailed study of photon conversions.

For the B} meson mass measurement we used the decay mode Bf — J/4 K* . To reduce the large
background at lower p, , a tight p, requirement of 2 GeV/c is applied to the kaon. In addition, to enrich
the B fraction for the J/v candidates, a p, cut of 8 GeV/c is applied to the B system. To further reduce
background we require ¢t , the proper decay length of the B system, to be >100pum . The invariant mass
spectrum is shown in upper plot in the figure 1. There are about 147 signal events in the peak region. The
invariant mass and error were extracted using an unbinned likelihood fit assuming a Gaussian signal on a
linear background. The fit gives 5279.1+ 1.7+ 1.4 MeV/c?, where the first error is statistical and the second
is systematic.
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Figure 1: B* — J/¢ K* (top) and B — J/4 K*° (bottom) invariant mass distribution

For the B meson mass measurement we used the decay mode B — J/¢ K*°(892) . The K*°(892)
candidates are selected with invariant mass within a 50 MeV/c? window of the K*°(892) mass for a two
track combination of oppositely charged tracks assumed to be a kaon and a pion. To reduce combinatoric
backgrounds, we require the p, of the K*°(892) candidates to be greater than 3 GeV/c, p:(B)>8 GeV/c and
et >100 pm . The resulting mass distribution was fit with a Gaussian peak and a linear background shape.
There are about 51 signal events in the peak region and the fit mass is 5281.3 £ 2.2 4+ 1.4MeV/c?, as shown
in lower plot in figure 1.

For the B? meson mass measurement we used the decay mode B? — J/¢ ¢. The ¢ candidates are
selected with invariant mass within 10MeV/c? of the ¢ mass for a two track combination of oppositely
charged tracks assuming they are kaons. Additional cuts are p;(¢) >2 GeV/c, p:(B) >6 GeV/c and et >0.
The resulting mass distribution was fit with a Gaussian peak and a linear background shape. In figure 2
there are 32 signal events in the peak region and the fit mass is 5369.9 + 2.3 + 1.3MeV/c?

The above mass measurement results are tabulated with the current CLEO and LEP average results [4]
in table 1. The CDF results are consistent with CLEO and LEP results and are comparable in uncertainties.
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Figure 2: B? — J/v¢ invariant mass distribution

Table 1: Summary of the CDF results on B meson masses compared with other experiments.

B mesons | CDF MeV/c? MeV/c?
Br 5279.1£1.7+1.4 | 5278.7£2.0 (CLEO)
BY 5281.942.241.4 | 5279.0+2.0 (CLEO)
BY 5369.942.3+1.3 | 5368.5+5.3 (LEP ave.)

3 B Meson Lifetime Measurements

Measurement of the lifetimes for various b-flavored hadrons provides a way to understand the non-spectator
mechanism. The theoretical predictions on the lifetime difference between charged and neutral B mesons
are only about ~5% [5] while that of the D mesons are measured to be more than a factor of 2. It is very
important to have measurement sensitivity better than the predicted difference to study details of the decay
mechanism.

For the lifetime measurement, very accurate primary vertex position measurement is crucial. In CDF
the beam position in the transverse plane is very small ( 35 pgm in both x and y axis) and the position
was monitored from run to run. The transverse plane is the plane perpendicular to the beam axis. For the
inclusive lifetime study only 1A data are used, while for the exclusive lifetime study we also include run 1B
data and the total integrated luminosity for this analysis is 68 pb~' .

3.1 Exclusive B, ; Lifetime Measurements

The J/v selection and B meson reconstruction for the exclusive lifetime analysis is quite similar to the
B meson mass analysis. However there are some differences in the analysis cuts to optimize the lifetime
measurement. The c¢7 cut is removed for this analysis, and no vertex pointing constraint is applied in the
vertex fit to avoid bias. Also, kinematic cuts are optimized for the analysis.

The B decay modes used in this analysis are B — ¥X KX where ¥* stands for a J/¢ or ¢’ and KX
stands for K+ , K} , or K*(892). To have a good vertex resolution, SVX hits are required for both of the
muon tracks. A total of 140,000 J/4 ’s were selected for the analysis.
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Figure 3: Signal and sideband cr distributions for B+ (left) and B° (right).

Table 2: B;f, B lifetimes and their ratio for exclusive and inclusive methods.

(BY) ~(BY) 7
psec. psec. psec.
PXKX 1.6840.094-0.06 | 1.64+0.1140.06 | 1.024-0.09+0.01
D) 1.5140.124-0.08 | 1.57+0.084-0.07 | 0.9640.10+0.05
combined 1.00 £+ 0.07

The decay length in the transverse plane, L, , is defined to be the projected distance between the
primary vertex and the secondary(B) vertex position to the transverse direction of the B.

Loy = f_’;(B) (1)

The proper decay length, c¢7 , is then derived as follows:

M(B)
et = Ly Pi(B)’ (2)
where M (B) is the mass and the p;(B) is the transverse momentum of the B meson.

B meson candidates are selected by requiring the mass difference, |AM| , to be less than 30 MeV/c? with
respect to the world average of the B meson mass. The c7 distributions for charged and neutral B mesons are
shown in the figure 3. The background shape is determined by fitting the side band region, 60 MeV/c? <|AM|
<120 MeV/c? , with a Gaussian peak and an exponential tail. The shape of the signal region is assumed to
be a sum of the sideband shape and an exponential shape smeared with resolution. Results of the unbinned
fit including event by event resolution variation are shown in table 2. Since much of the systematic error,



which comprises misalignment, trigger bias and beam stability, is common for the charged and neutral B
meson analysis, the ratio of the lifetimes has a much smaller systematic error.

3.2 Inclusive B,  Lifetime Measurements
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Figure 4: D, D* invariant mass peaks used in the semi-exclusive B lifetime analysis. Left: D° — K=,
right: D*t — DOx*,D° - K—xt

In this method, we reconstructed charmed mesons from the semileptonic decays of B mesons using a large
sample from the inclusive electron and muon triggers. The charmed mesons are reconstructed with tracks
which are in a cone around the trigger electrons or muons. The following and corresponding charge conjugate
modes are used in the analysis.

I.D° - K~ =t

oDt - D° ot ,D° - K-zt

. D*t - D° ot ,D° - K- nt X

w.Dt - D° ot ,D° - K~ nt nt n~

Mode III is dominated by D° — K~ pT decays. Four plots of the decay modes are shown in figures 4 and
5. Clean signals of charmed meson are seen in all of the plots. The distributions show no hint of peaks from
wrong sign charge combinations between the charmed meson and the lepton.

The decay length in the transverse plane, L, , is defined to be the projected distance between the
primary vertex position and the reconstructed B vertex position to the transverse direction of BX. Here
BX is the partial reconstruction of a B meson with a lepton and a charmed meson.

Then cr is defined as follows:
Mg

p(BY)
where K is the average correction factor estimated from Monte Carlo study. For channel I, the D’s which
form D* when combined with a pion are specifically excluded to reduce confusion of the charge of the
originating B meson, hence purifying the charged B mesons. The rest of the channels, II, III and IV, are
from the neutral B mesons. Because of D** production, the non-resonant part of charged = production, and
the inefficiency in excluding the D* component from channel I, there is some cross talk in identifying the
charge of the B meson. The relative fractions of neutral and charged B mesons in all the decay channels are
estimated through extensive Monte Carlo study. The uncertainties of the sample composition are estimated

cT = Lgy

'K (3)
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Figure 5: D" invariant mass peaks used in the semi-exclusive B lifetime analysis. Left: D*t — D%zt , DY —
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to have negligible effect in the lifetime measurement. The final results of the measurements are shown in
table 2. In figure 6 we show the measurements of the charged to neutral B, 4 lifetime ratio at LEP and at
CDF. CDF results are consistent to the LEP results[6].

3.3 B? Lifetime Measurement

The lifetime of the B? meson is measured[7] using two methods. First, the fully reconstructed B? — J/v ¢
decay channel is used. The analysis technique is similar to the B, 4 meson lifetime measurement. Eight
events after background subtraction are used in the fit to determine a lifetime of 7 = 1.741'(1)'_23 + 0.07psec.
The fit result shows a very large statistical error compared to the systematic error. With more statistics
from 1B data, we expect a much improved measurement in a short time.

Secondly, B? mesons are partially reconstructed for the decay channel B — Dglv, Ds — ¢m. About
76 correct sign D* are found in this channel for the BY lifetime determination. The result of the fit is

T = 1.421'8'_% 4 0.11 psec. The error is dominated by the statistical uncertainty.

4 Rare B Decays

In the Standard Model of electroweak interactions, rare decays of B mesons involving flavour changing neutral
currents are forbidden at the tree level and proceed only through higher order processes. Deviation from the
predicted branching ratios could indicate new physics beyond the Standard model. The large number of B
enriched dimuon triggers enables CDF to compete with other experiments in the search of these decays.
We have searched for B — puK, B — puK” and B — pu, where pp pairs are not coming from
J/v or ¥’ decay. For the ppK and puK* channel, the selection criteria of the final sample are quite similar
to those of the mass measurement analysis. The major difference is that the gy pairs from the resonances
J/¢ and v’ are specifically excluded for the final selection. The kinematic cuts and cr cuts are optimized
and an isolation cut is applied to the B meson candidate to achieve the best limit. Then the ratio between
the resonant and non-resonant production of gy pairs in the B mass region is measured. The measurement
of the ratio ensures the cancellation of much of the common systematic error. The 90 % confidence level
limits are shown in the table 3, along with the CLEO measurements[8] and Standard model predictions [9].
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Figure 6: World BT /B lifetime ratios.

Table 3: 90% C.L. limits for the non-resonant B, — puK* By — puK* By — pu and B, — up branching
ratios compared to Standard Model predictions and recent CLEO measurements.

BR(B, — y,y,Ki) BR(By — ppK*) | BR(Bg — pup) | BR(Bs — pp)
CDF 1.0x10~5 2.5x107°3 1.6x10-° 8.4x10°
CLEO 0.9x10~53 3.1x10°53 5.9%x10°6
S.M. 4.4%x10~7 2.3x10°6 8.0x10~ 11 1.8x10~7

For the pp channel, we estimated the By — ptp~ and B? — ptp~ events from the invariant mass
distributions of uu which fell into the window of + 75 MeV/c? around the measured masses of B mesons.
Other cuts are very similar to the puK*, uuK* channels. The limits are shown in table 3. This analysis is
the first to set a limit on production of B — p*pu~ , and the B — ptpu™ result is a significant improvement
over the CLEO limit.

5 B°B° Mixing

Mixing between the B? and B° occurs when one of the B changes to the other. This phenomenon occurs
when the mass difference between the two weak interaction eigenstates is very small. The formalism which
describes the B® - B° mixing is very similar to that of K2 - K2 mixing. If a pure B° state is produced at
time t=0, then at later time it will evolve into a new state which contains a mixture of B° and B° . The
probability that the state will change to B° at time t is given by

P(B°(0) — B°(t)) = 0.5-ezp(—t/T)[1 — cos(Amt)] (4)



where 7 is the lifetime of the B meson and Am is the mass difference between the two B eigenstates. For
convenience, we define # = Am/T', where T is the average width of the eigenstates and obtain a formula for
time the integrated mixing probability:

1‘.2

o o
The mixing parameters 24, for the B" mesons have strong correlations with CMK matrix elements, V; (4,4)-
Note that x approaches one at large z. When the mixing is very large, the x measurement is a very insensitive
method to determine z.

The inclusive x measurement has two components, namely x4 for B mixing and x, for B{ mixing. The
average of the parameters is x = Fgxq + F,xs, where the F; and F, are the relative production ratios
of Bj and By . The direct measurement of x4 is performed in CDF through time dependent oscillation
measurement.

5.1 Time Integrated Mixing Measurement

When bb quark pairs are produced, the flavour of one b quark reveals the flavour of the other when mixing
does not occur. The flavour of a b quark which decays semileptonically could be found from b — I~ + ¢ and
b — It + & We studied two channels for this analysis using ex and pp triggers. The ratio, R, of the number
of events with like-sign leptons (LS) to the number of opposite-sign (OS) leptons are defined by:

_ LS X
B=0s =% +a-x? (6)

5.2 x Analysis with ey Data

Some fraction of the leptons come from the sequential decays, b — ¢ — IT. Also, fake lepton contributions
are estimated.

_(Ls (1= Feu(LS)) _ [ 2x(1—x)+[x°+ (1 - x)°1fs
= (05)8,,, (1 - Feu(0S)) (xz +(1-x%)%+2x(1 - x)fs +fc) ™

where
o fi = #(b— ¢ — 1)/#(b — 1) is the sequential decay fraction which is estimated via Monte Carlo studies
to be 0.136+0.023.
e f. = #(c€)/#(bb) is the charm fraction from c¢ production in the sample. By fitting P/ distributions of
Monte Carlo data we estimate f, = 0.007 & 0.011.
e F.,(LS) = fraction of fake leptons in the LS sample and F,,(OS) = fraction of fake leptons in the
OS sample. These quantities are estimated by releasing lepton identification cuts. The estimations are
F,,(LS) = 0.396 + 0.031 and F,,(OS) = 0.255 + 0.021.

We observe 1710 opposite-sign and 861 like-sign ey events. Using the formula we obtain:

x = 0.130 £ 0.010 £ 0.009

where the first error is statistical and the second is systematic. The major contributions to the systematic
errors are uncertainty on the sequential fraction and the fake lepton fraction, F,,. The result is plotted in
the figure 7, assuming a By fraction F3=0.391 and a B, fraction ¥,=0.117. The measurement provides the
bound in the x4 — x; plane as shown. Also shown are the ARGUS[10] and CLEO([11] results in the region.
The shaded area is allowed by the Standard Model.
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5.3 x Analysis with gy Data

For the py channel, a similar technique is applied to estimate ¥. However, the bb fractions of LS and OS are
estimated directly from the fits to the impact parameter distributions of the muons. This method exploits
the fact that the impact parameter distributions of muons are different from the backgrounds. Muons from
B decay have non-zero impact parameters because of the displaced vertex of the B decay, while background
tracks are mainly from the primary vertex and impact parameter distributions are peaked at the zero. Two
dimensional likelihood fits were made to the distributions with template histograms for the distributions
of signal and background to extract the B fraction. We obtain 882 + 55 for like-sign and 1804 + 103 for
opposite-sign from the likelihood fit. From this we estimate:

x = 0.118 £+ 0.021 £ 0.026

where the systematic errors are dominated by the uncertainty of the sequential decay fraction. In figure 8
we show both of the CDF i measurements with LEP results[12]. CDF results are consistent with other
measurements.

5.4 Time Evolution B°B° Mixing Measurement

A half million low p; dimuon triggers are used for the time dependent mixing parameter measurement. To
reduce background from double semileptonic decays from the same B, we require the dimuon invariant mass
to be greater than 5 GeV/c? . After tight u selection criteria, we are left with ~100,000 events. We further
reduced the sample by applying a secondary vertex tagging algorithm which selects events with one of the
muons forming a good displaced vertex with at least two other tracks nearby. The tracks which are used in
vertex fit (excluding the p) are required to be consistent with the decay products of D’s, which we call DX.
Substantial backgrounds from sequential decays are rejected by requiring pi®, the transverse momentum of
the u in the direction of DX, to be greater than 1.3 GeV/c .

The L., and proper decay length are measured the same way as in the inclusive lifetime analysis. The
kinematic correction factor, K, was estimated from Monte Carlo study. After all the cuts, the sample was

10



v L} Aleph  w 0.106X35540.007
[ (90-93) prel
6L Fed Delphi «  0.121£0.016+£0.009
r (91-92)
sk o] L3 W 0.143535740.008
r (90-92)
4 o LEP Average 0.116+0.006
L HeH CDOF  we 0.13040.01040.009
[ (92-94) prel
A Heti CDF  up 0.11840.02140.026
[ (92-94) prel
1L bl CDF Average 0.12840.012
[ (93-94) prel
obo v v v
0 0.1 0.2 0.3

Figure 8: Comparison of the current measurements of x at Fermilab and LEP.

reduced to 1516 like-sign and 2357 opposite-sign events. In figure 9 the like-sign fraction is plotted as a
function of pseudo ¢7 . An oscillatory behavior is evident in the figure. The fake muon fraction is estimated
to be 104:3.5% by an impact parameter fit on the muons. The c¢ contribution in our sample is estimated to
be ~1%. The sequential decay fraction is estimated by a 3 component fitting of pi* with three distribution
shapes: muons from direct b, sequential decay and cc.

A fit was made to the like-sign fraction to estimate Amy. A mixing parameter value for the B, x;, = 0.5
was used as an input parameter. The fraction of Bj and B in our sample are 0.37+0.03 and 0.1540.04,
respectively, and the result of the fit is

Amg = 0.44 4 0.12 £ 0.14psec.”!

The systematic error is dominated by the uncertainty in the sequential fraction. We expect a considerable
reduction of the errors with the improved statistics using run 1B data.

6 Polarization Measurements of B Mesons

In this section, we describe measurements of the longitudinal polarization fractions I'y, /T in the Pseudoscalar-
to-Vector-Vector decays By — J/¥K*° and B, — J/1¢. Measuring the polarization in the decay By — J/%K*°
was inspired by its potential use in CP violation studies in eTe~ colliders [13]. In addition, a measurement
of T';, /T can be used to test theoretical predictions which depend on the factorization hypothesis [14].

The decay distribution for By — J/¢¥K*°, J/¢ — ptu~, K*°© — Kt7~ can be written as [15]:

d’T

1., Ir . Iy
i — Or (1 29,)— 204« 29, ——
dcosOr-dcos b, o osin O (14 cos?8y) T + cos “Ok+sin 20y T
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Figure 9: Like-sign fraction versus cr. The solid line is our fit to the data; the dashed line is our fit after
forcing #4=0 and the dotted line is a prediction assuming just the sequential decay contribution and both
zgand 2, =0

Table 4: T';,/T measurements

mode By — J/YK*° B, — J/¢¢
ARGTUS 0.97£0.16 £ 0.15 -
CLEO 0.80 £ 0.08 £ 0.05 -
CDF 0.65+0.10 £ 0.04 | 0.56 +0.21 700
World Average 0.74 £ 0.07 -

where the helicity angle 8- is the decay angle of the kaon in the K*© rest frame with respect to the K*°
direction in the B rest frame. Similarly, 6, is the decay angle of the muon in the J/4 rest frame with respect
to the J/v direction in the B rest frame.

Event selection and reconstruction for the decay By — J/%K*C is very similar to that of B mass mea-
surement. We observe a signal of 65 + 10 events above a background of ~14. The background distribution
is taken to be unpolarized as determined from a fit to events in the sidebands around the B; mass. The fit
results for longitudinal polarization fraction for By — J/9%K*® decay are shown in table 4. The lower value
of Ty, /T compared to the ARGUS[16] and CLEO[17] results, suggests that the By — J/¢¥K*® decay mode
may be more difficult to use for CP violation studies than previously believed.

For the decay B, — J/v¢, a signal of 19 & 5 events is above a background of ~2. The fit results are
shown in the table 4. This is the first measurement of the longitudinal polarization fraction for this decay.
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Table 5: Expected number of B’s in specific decays channels in run 1B and II.

Run 1A 1A+1B Run II

20 pb~! | 120 pb~! 2 fb~1!
B — J/¥K* 175 ~1050 ~70,000
B — J/YK* 95 ~570 ~40,000
B — J/YK? 51 ~306 ~20,000
B — J/¥y 33 ~198 ~12,000
By —ID{t | ~ 1,500 | ~ ~9,000 ~10°
B, — 1D, 76 ~456 ~10°

7 Prospects for B physics at CDF

We expect to collect ~100 pb~! of data by the end of the run 1B. Combining this with existing 1A data
we will have ~120 pb~! in the near future. The Tevatron upgrade with the Main Injector will deliver ~1
fb~! per year after RUN II starts. In parallel with the accelerator upgrade, many detector upgrade projects
are underway in order to cope with the high luminosity environment. These include new tracking chambers,
plug calorimeters and trigger systems. It is reasonable to expect to collect ~2 fb~! of data from RUN II. In
table 5 we make a simple extrapolation to show the B reconstruction capability in each stage. More than
2000 fully reconstructed B’s and ~10,000 partially reconstructed B’s which decay semileptonically will be
available after RUN 1B.

The most important goal of the CDF B physics program in RUN II is to observe CP violation in the
B system. CP violating asymmetry occurs through interference in the B°B° mixing. The asymmetry is

defined as

I(B—f) — T(B—f)
I(B—f) + I(B— f)

where fis the final decay product. The most clean signal occurs when f = f (for example, B, — J/¥ K?),
so the flavour of the parent B must be tagged.

In CDF, several studies of B flavour tagging methods are in progress. The lepton tagging method uses
the charge of the lepton from the other B decay to identify flavour. The jet charge tagging method estimates
Jet charge of the away side jet from the other B decay. Jet charge is defined as a momentum weighted
average of the charges of the tracks in a cone around a jet. Due to the leading particle effect, the jet charge
is correlated with the charge of the originating b quark. The same side tagging method exploits the charge
correlation effect between a B and a charged track when they are produced at the same time. This includes
both B** production and nonresonant Br production at small Q values. LEP measurements [18, 19] show
a substantial fraction, ~20-30%, of B is from B**, which decays to Bw.

For the asymmetry measurement, the most frequently used quantity which describes the effectiveness of
the flavour tagging is e D? , the ’effective tagging efficiency’. Here € is the applicability of the method and D is
the dilution factor which describe the correctness of the tagging. D is defined as (Nyight — Nwrong)/(Nright +

NwTong)
We estimate eD? directly from data for both of the soft muon tagging and jet charge tagging:

A =

(8)

e Soft y tag method:
— €D? = 0.0096 T0-0022

e Jet Charge method:
— €D? = 0.0101 £ 0.0033 &+ 0.0021
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Figure 10: Estimate of CDF sin(2/3) resolution for two luminosity and flavour tagging efficiencies.

7.1 Prospect for sin(28) Measurement

High trigger efficiency for the B — J/9¢ + X decay at CDF will put us on a unique position in the asymmetry
study on the B decay modes which include J/9 . For example, 3, one of the three CP violation parameters,
could be determined through tagged asymmetry measurement in the decay of B — ¢ K2. The sensitivity of
the asymmetry measurement can be expressed as:

o-sin(Zﬂ) (9)
(veD)y/Np—yxy - 5

where S and B are the amount of the signal and background in the sample.

In figure 10 we plot the error of sin(28) versus the number of J/¢ K2 events. The upper curve shows
the sensitivity with the two tagging methods described above. The lower curve assumes the four times
larger ¢D? with improved and additional tagging methods, including same side tagging and soft electron
tagging. Two dots are shown in the plot. For the lower point, the simple extrapolation of the number of
J/¢ K¢ events from 1A data is made to estimate the error with the RUN II luminosity ( ~2fb=! ). For
the higher point, we assume acceptance improvements for the leptons by increasing 7 coverage from 1 to 2
and lowering the dimuon trigger threshold to p; >1.5 GeV/c . With these improvements, a measurement
accuracy of 0.08 for sin(23) is achievable with the expected luminosity.

7.2 Prospect for sin(2a) Measurement

The parameter sin(2a) could be measured via the decay mode B® — w¥x~. A sophisticate displaced vertex
finding trigger processor, which has impact parameter resolution of 25 ym , is under study. This would
enable CDF to select non-leptonic decays of bb events efficiently by tagging secondary vertices. We expect
~5 events of this decay mode per pb~! . Extraction of the 77~ decay mode from the modes which includes
kaons could be achieved by the invariant mass separation. A few particle identification techniques are being
considered to help in extracting the 71z~ signal. Figure 11 displays the expected mass distribution for the
combination of the four decay channels when both of the tracks are assigned with pion masses assuming
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Figure 11: Expected mass distribution for the combination B® — #*7~, By — K«, B, — K=

existing tracking chamber resolutions. At p;(B) ~6 GeV/c the mass resolution oy, ~28 MeV/c? . With
these assumptions, we expect a measurement accuracy of 0.08 for sin(2a).
7.3 Prospect for CP Asymmetry in B, — J/¢¢

The CP asymmetry in B, — J/1¢¢ measures the weak phase of the CKM matrix element V;,. We expect
~12,000 events for this decay in Run II. With kaon identification by the time-of-flight system, the total flavor
tagging efficiency would be improved to 11%. B; oscillation would modulate the CP asymmetry. The finite
resolution will smear the oscillations and result in additional dilution. Neglecting this effect we can expect
a precision on the asymmetry of £0.09.

8 Conclusions

In the last few years, CDF has produced high quality results in B physics. By including the large Run 1B
data sample, CDF will significantly improve the B spectroscopy, lifetime and mixing measurements. With
the expected integrated luminosity of Run II, observation of CP violation is within reach.
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